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IN MEMORIAM 


It was with the deepest regret that | 
learned of the death of Dr. Richard W. 
Roberts on Tuesday, January 17, 1978. 


and everything at NBS. As a manager, he This, in my opinion, was his personal 
legacy to NBS. 


All of us will miss him greatly. 


worked tirelessly to pull together the 
varied programs of the Bureau and to get 
During most of his tenure as director of 
the National Bureau of Standards, | 
served as deputy director. We worked 
closely, and | believe successfully, 


people to perform up to their maximum 
capabilities. He always gave unstintingly 
of himself. He taught us a great deal 
about how to present our work to the 
outside world and to each other. He 
stands out in my mind as a man of many 


together. His enthusiasm and energy were 
tremendous. Nothing was done ina 
half-hearted way. 


Ernest Ambler 
Director 
National Bureau of Standards 


qualities, but he was particularly inspiring 


Dick Roberts took an interest in everyone as a motivator and a communicator. 


RICHARD W. 
ROBERTS, 
director of NBS from February 1973 to 
June 1975, died suddenly at his home 
in Wilton, Connecticut, on January 17. 
Roberts was 43 on January 12. He 
had recently joined the General 
Electric Company after having served 
as Assistant Administrator for Nuclear 
Energy in the Energy Research and 
Development Administration. 

Roberts was the seventh director of 
NBS and the first chemist to head the 
Bureau. He came to NBS from 
GE’s Corporate Research and 
Development Center in Schenectady, 
New York, where he directed the 
materials science and engineering 
laboratories. 

As head of NBS, Roberts 


distinguished himself in the areas of 


leadership and effective administration. 


During the energy crisis and oil 
embargo of 1973, the Bureau, under 
Roberts’ direction, took actions that 


resulted in a 20 percent savings on 


site—making NBS a model of what 
could be accomplished by control and 
wise energy management. He also 
achieved outstanding improvements 
in Bureau management policies. For 
these accomplishments, Roberts won 
the Arthur S. Flemming Award in 1975. 
This award is presented annually to 
outstanding young employees of the 
federal government. 

A native of Buffalo, N.Y., Roberts 
received his B.S. degree in chemistry 
from the University of Rochester in 
1956 and his Ph.D. in physical 
chemistry from Brown University in 
1959. Also in 1959, Roberts served as 
a National Academy of Sciences 
Postdoctoral Fellow, working at NBS 
on surface chemistry. He joined GE in 
1960, where he became internationally 
known for his studies of ultrahigh 
vacuum technology, the physical and 
chemical properties of atomically 
clean metal and semiconductor 
surfaces, chemical kinetics, and the 


lubrication of space age metals. 


At the time of his death, Roberts 
was Staff Executive on GE’s Corporate 
Technology Staff. Dr. Charles Reed, 
GE senior vice president-Corporate 
Technology Staff, described Roberts as 
‘a brilliant and dedicated individual 
who leaves behind a truly memorable 
record as a scientist, as well as 
innumerable close friends and 
associates.” 

Roberts is survived by his wife, 
Carol, and two children, Beth Carol, 
15, and William Charles 12; his parents 
Mr. and Mrs. William Roberts; and his 
sister Mrs. C. L. Armstrong. The 
Roberts made their home at 92 Drum 
Hill Road, Wilton, Connecticut. A 
memorial fund is being established in 
his name at the University of 
Rochester. Contributions should be 
payable to the University of 
Rochester, with a note on the check 
specifying ‘““RWR Memorial Fund.” 
They may be mailed to the Gift Office, 
University of Rochester, Rochester, 
N.Y. 14627. 
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by Madeleine Jac obs 


T’S been a long hard day at the office and you're vine the then: 
tired. You arrive at home, kick off your shoes, eta ot +. 


appitt 


settle down in your favorite easy chair, and turn 
on the stereo. Suddenly, it’s as if you're sitting in a Scientific Curiosity 


concert hall, listening to Berlioz’ Symphonie Fan- 
tastique. The music can only be described as ex- 
quisite. te jets ih "y woe 1e phenomenon 

The realism of the sound is due to a specially 
processed polymer material in the stereo speakers 
that makes it possible to transform electrical en- 
ergy into acoustical energy with nearly complete 
accuracy. The unique substance is an example of 
a cla of materials known as piezoelectric often 
pronounced pe-a-zo- electric) polymers. Their 

is so new that the Encvclopedia Britannica f 
to mention them in its section on “Piezoelectric 
Devices.” And yet, as a class, piezoelectric polymers 
are being used increasingly, not only in some 
stereo components but also in applications involv- 
ing health, safety, national security, nondestructive 
evaluation, and even printing of our currency. 

“The most surprising thing about piezoelectric 
polymers is that they exist,” declares Seymour 
Edelman, a physicist at the National Bureau of 
Standards and a leading pioneer in the field of 
piezoelectric polymer applications “Polymers differ 
from conventional piezoelectric materials in 
many of their properties that it seems strange 
they should be comparable in their piezoelectric 
response. 

For example, conventional piezoelectric mate- 
rials are typically crystalline or polycrystalline, hai 


stiff, brittle, and dense he continue 





difficult to machine into thin layers, they are not 
readily available in sheets of large area, and they 
are expensive. On the other hand, polymers 
pliant, flexible, tough, and light 
commercially in layers as thin as 6 micrometers 
in 1000 meter rolls over 1 meter wide. And they 
are relatively inexpensive 

These properties make polymers uniquely 
for a variety of piezoelectric ae 


Japanese have been studying the 





placi 


voltag 


‘ 


eimect 


age to the materi. a deformation 


could be produced 


‘ 


The two effects 


zoelectric materials. (The latter is 


' 
use of piezoelectric devices in stereo c 


nents and other acoustically-based instrument 


Eventually, they found the effect in a number of 
Rochelle salt, and tour 


Marie 


radio- 


including quartz 
Although 
the 


crystals 


maline Pierre Curie and his wife 


later used piezoelectric effect to study 


tricity in 
until World War | 


Waves In 


activity, piezoelec general remained a 


scientific curiosity when it was 


used to produce acoustic seawater to 


detect the presence of submarines 

Applications of the effect involved ceramics and 
brittle indi- 
cation that still other substances might exhibit the 
1892. A British Oliver 
that certain would 
polarized dielectric 
the 
field 
being the electrical analog of magnets. His theory 
the 1920's, but 


happened until the early 1940’s when 


other crystalline materials. The first 


effect came in scientist 


Heaviside, postulated waxes 
when al- 
the 


He viewed these as 


form permanently 


lowed to solidify from molten state in 


presence of an electric 


was confirmed in not much else 
researchers 
in other countries began investigating piezoelectric 
effects in rubber and other materials 
NBS 


1968 


around 
the 


became involved in the research 


recalls Edelman, who was then chief of 


Vibration Section. “One of the major problems we 


had in calibrating instruments used to measure 


vibrations was getting rid of low frequency re- 


sonances. | 


had learned that rubber was piezo- 


McPherson, then 


It occurred to me that if 


Archibald 1 
% NBS 


surface of the instrument 


electric from Dr 


the were mounted on 
such a polymer and if we controlled it electrically, 
we could get rid of al! the 
that 


looked at a number of polymers 


resonance trequencies 
We 
ted them 


that time, there wa 


interfered with our measurement then 


and te 
for piezoelectric ity At only 


' 
a limited amoun scearch 


in the litera 


reportex 
ture on piezoelectricity in polymers 


Inducing Piezoelectricity 


the beginning 


which has led 


lice ne 
not normall 
Y great extent 
NBS physicist 
PVDF, which lo 
plast 
like a thin piece 
Next 
the 


field iS 


OOKS 
aluminum foil. 


oven and raises 
electric 

the 
centimeter of polymer 
thickness. While the voltage is the 


] 


temperature abou } An 


ncurrenth ved . 1 leo 
concurrently app ally on order of 


SeVe ral hundred | 
maintained 
lowed 


polymer is a oO room temperature. 


his procedure is poling.’ 
the material is 


PVDF as a 


response to 


The piezoelectric proper 
n } d | | | ty 


stabilized in the polyr cools 


piezoelectric materi: has a good 


changes in pressure over a wide range of frequen- 


which makes it extremely useful for dynamic 
also 


cies, 


measurement It many advantages 


over 
I< 


materials 


conventional ceramic 


For example, a variet ransducers* and de- 


vices can be made from finished material in 


nearly any shape. Transducers using conventional 


piezoelectric materials usually have metal bases and 


housings and require threaded holes or specially 


ground flat surfaces of appreciable area for mount- 


ing. Polymer transducers, on the other hand, usually 


consist only of the material and a metal lead. 


The finished film can be attached to the surface to 


be measured rubber cement, cyanoacrylate, 


or other cement. The transducer can be at- 
tached to curved 
In addition, PVDF is no 


the usual conditions under 


epoxy 


twisted, or pliant surfaces 
1armed 
ised, 


| 
vent 
soivents 


which are 


ImMmMon 


uch as salt water, soaps, c 


-arby explosions mech 


Conventional tr 
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' 
rge amptitud 





they gen- 


tempera 


There is 


' n 
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vices 
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and can be used to line a shell to provide detona- 
tion on any angle of incidence. For this research, 
the NBS scientists received an Army Commendation 
Award. 

The thinness and flexibility of polymer 
make them feel and act mechanically very 
like These valuable when 
NBS asked by the National Highway Traffic 
Safety Administration of the Department of Trans- 


gages 
much 
skin. 


properties were 


was 


portation to develop polymer stress gages for auto- 
mobile crash studies. Two types of polymer gages 
were developed. One was used for pressure changes 
during the impact of a collision between an anthro- 
pomorphic dummy and the instrument panel of a 
motor vehicle during a simulated crash. The other 
was used for measuring pressure changes in the 
brains of animal subjects during tests of controlled 
impact to the head. 

The value of polymer devices in these two appli- 
cations is obvious, Edelman explains. “Since the 
gages behave very much like skin, they do not dis- 


turb the anthropomorphic behavior of the dummy. 
Because they are flexible, they are not likely to be 


damaged in the crash or to damage parts of the 
vehicle on impact. The polymer gage has a density 
close to that of brain matter, which makes it useful 
in the second application. If a conventional ceramic 
gage were used, inertial effects would produce 
more signal than the pressure change.” 

The similarity to body tissues means that poly- 
mer gages can be applied easily to the skin like an 
adhesive bandage to monitor heart sounds and 
pulse rates of patients during exercise. “Conven- 
tional instruments can be used for these applica- 
tions, but their size and mass make the patient 
conscious of their presence and his behavior is not 
entirely normal,” Edelman notes. “He is much more 
likely to forget polymer gages.” 

Piezoelectric polymers can also be used as strain 
gages, Edelman says. “In this application, they 
have nearly the same sensitivity as semiconductor 
gages but they can be used without the need for 
bias voltage or bridge balancing. They can be used 
where mechanical shock occurs and on curved sur- 
faces.” 

One potentially important use of polymer strain 
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iccompany- 
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tructures 
iried mines that operate at 


nented by acoustic emission is needed to mainta 
tO bedroc k can be u » l polymer enso wWiiic 

mining operations could do this ver 
movements in earth dams, and inci- the Bureau of Radiolog 


in snow fields, Edelman points out 
currently working on developing gages for dosimet 
nder the spo hip tne 
potentia 
the applicati Nn 


Diverse Applications man says, is that with piezoele 


possible to design the mea 


suitable for the conditi 


In another project, NBS built piezoelectric hydro- 
th 


listening to sonar signals under water urement is made 


phone > for 
an application that was funded by the Navy. Similar 
ts could be made up as arrays and used for find- 


tions of the 
unit conventional 
ing fish or for underwater geophysical exploration. 


Iwo recent projects are a further indication of 
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Fundamental Research 


Research on the theory of piezoelectric polymers 
has gone hand in hand at NBS with applications 
work. Martin Broadhurst, chief of the Bulk Proper- 
ties Section in the Polymers Division, explains that, 
“the objective of our research on the fundamentals 
of piezoelectricity in polymers is to understand the 
mechanism responsible for the effect and identify 
the polymer properties that affect it. Despite the 
fact that this effect has been known for many years, 
there is still controversy over the physical pheno- 
menon responsible for it. With information gained 
from our studies, we should be able to select the 
best polymers and to optimize the conditions for 
introducing and maintaining the piezoelectric activ- 
ity.” 

3asically, there are two schools of thought to 
explain the phenomenon in polymers, Broadhurst 
notes. The first can be called the “molecular dipole 
model;” the second is known as the “trapped space 
charge model” (see box). Research at NBS has been 
aimed at building a model to explain piezoelec- 
tricity in polymers, making predictions based on 
the model, obtaining experimental data, and com- 
paring predictions with actual behavior 

Considerable data are required on the molecular 


and bulk structure and properties of polymers. 


polymer 


1 cell for measuring 


roelec tric 


X-ray, infrared, and Raman spectroscopy are among 
the tools used to determine molecular orientation 
and structure in the polymers. These studies are 
complicated because PVDF contains a mixture of as 
many as three crystal phases dispersed in a large 
fraction of supercooled liquid phase. Two of the 
crystal phases are polar (molecular dipoles are paral- 
lel) and ferroelectric direction can be 


changed with an electric field). One surprise is that 


(dipole 


the third, antipolar crystal phase can also be made 
piezoelectrically active. This is apparently due to a 
field-induced crystal transformation, which is cur- 
rently being characterized at NBS. This finding is 
important because the antipolar phase is the most 
common crystal form. The ability to make it piezo- 
electric greatly expands the potential applications 
of PVDF. 

In another series of experiments, the piezoelec- 
tric and pyroelectric responses of polymers are meas- 
ured concurrently using a special cell. Results of 
NBS research show that both effects arise from a 
common source—volume changes in the polar 
crystals produced by mechanical stress or tempera- 


ture changes. In these experiments, special techni- 


ques were developed to measure the compressibility 


and thermal expansion of thin (around 10 micro 
meters) polymer films with a sensitivity of 107’ 


meters. 





Model! Predictions 


Another set of experiments was designed to test 
a prediction of the model. According to the theory 
chains twisted during poling will tend to untwist 
and thus shorten the lifetime of the polymer de- 
vices. Stability of piezoelectric polymers is a prob- 
lem of primary concern to users of the films. To test 
this idea, PVDF was crystallized in the presence of 
an electric field. The resulting samples had greatly 
enhanced stability. This information should be use 
ful in optimizing performance of the films. 

Measuring the 
films is also important for understanding their per- 
formance. in 1976, an Australian scientist, Dr. R. 
E. Collins of AWA Research 
with NBS scientists. During his stay, he set up an ap- 
The 
expan- 
The 


resulting electrical signal depends on the distribu- 


charge distribution in polymer 


Laboratory, worked 


paratus for measuring charge distribution 


method relies on the nonuniform thermal 
sion of a film following a short heat pulse 
tion of charges in the film. These “thermal pulse 
experiments” are continuing and are yielding a great 
deal of information on the uniformity of polariza- 
tion and the field distribution during poling. 

In still other experiments, NBS scientists use a 
plasma (ionized gas) to generate poling fields large 
enough to induce piezoelectricity even at room tem- 
perature. These experiments and others to date 
have provided much evidence to support the mo- 
lecular dipole theory, according to Broadhurst. He 
believes that such advances in the theory will help 
scientists understand not only the phenomenon 
behind the effect, but also establish how much bet- 
ter the films can be. 

Broadhurst needs to be 


that much 


understood about the behavior and phenomenon 


notes more 
behind piezoelectric polymers. But without waiting 
for theory to catch up to applications, industry is 
already using the materials in an increasing number 
of ways. Of the many transducer manufacturers who 
have come to NBS to learn about this new technol- 
ogy, several have developed commercial applica- 
tions. “Transferring our know-how to industry and 
other agency labs has been a primary goal of our 
work,” Broadhurst says. 
Scientists involved in the 
someday 


that 
poly 


research believe 


piezoelectric devices made from 
mers will be as commonplace as the plastic wraps 
found in nearly every household. Says Edelman of 
the outlook for piezoelectric polymers, ‘Some day 
the applications of piezoelectric polymers will be 


limited only by the imagination of the user.” 
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Information Systems & Users 


HAT old philosopher Dr. Johann Faust suf- 
fered I » | mom that evidently comes 
when one has maste ‘ he vince f 
knowledge 
in return for pleasures and powers th. 

edge could not provide. Trading with the devil 
not be as popular today as it was in the Middle 
Ages, possibly because people can no longer aspire 
to the mastery of all knowledge: therefore they 
never get as bored as Faust 

On the other hand, the growing span of human 
knowledge has led to greater and greater speciali- a aie 
zation in learning and to such proliferation of in- ne: 
formation that sorting and selecting it grows diffi- 
cult So, the human race becomes collec tively more The | 
knowledgeable, and the individual gets relatively 
more ignorant need for 

To save ourselves from ignorance, we have be- ©°Y*' the 
come a society replete with information sy 
They enable us to carry on our daily activities from 
the mundane to the esoteric. For example, if you 
want to talk to your supplier of frammistans in 
the next town, or your aunt in the next state, you 
use the telephone number information system to find 
the right number. As far as you are concerned, the 
system consists of the printed directories, your 
own hand-written list of numbers, and the directory 


assistance service (dial 411). Your entry is your 


identification of a person or organization; the sys- If the societ 


, r rat ve ad 
tem's response is a telephone number. Note ‘ tormation, we need ; 


the system output is precisely formatted for your of intormatio 
use—once you get the number, you can dial with- 
out any interpreting or restructuring 

The weather information system is another system 
you use regularly. In comparison with the telephone 
system, the weather system contains data which are 
much more scientific and technical, and it uses a 
variety of sophisticated interfaces with the u 
You can get your weather data and fore« 
the newspaper, by telephone, or through the 
broadcasts. They are disseminated in care 
planned, user-oriented packages which make 


user-system interactions unnecessary 
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laboring in a library can exercise independent judg- 
ment about the validity and reliability of the in- 
formation he is gathering. But a researcher con- 
sulting a computer for a particular number receives 
data disconnected from their source and rendered 
seemingly authoritative by the complexity of the 
surrounding machinery. 

To save themselves from the fate of being mis- 
which can be much worse than the fate 
of being uninformed 


informed 
and tech- 
nical information systems need data of known re- 


users of scientific 


liability. This is only one point in understanding 
the dynamics of information users and systems. 
With the objective of developing such an under- 
standing, | would like to state eleven propositions 
about information and information systems. There 
is no attempt to prove the truth of these proposi- 
tions, but you will find reference to sources where 
some of them are discussed in detail. | will expand 
on several with regard to particular systems. 
Perhaps some readers, more expert than | about 
many aspects of information systems, may be stimu- 
lated to examine, endorse, challenge, or modify 
these propositions and add to the list. In that sense, 
| hope that this short paper will begin a dialog 
will 


and me effective 


users of information and information systems. 


which make you more 


This proposition brings up the “information ex- 
plosion,”” and the 7 percent growth rate of the sci- 
entific and technical literature which has been go- 
ing on since about 1950. Seven percent growth per 
year is not really an explosion, but it does extrap- 
olate to uncomfortable situations, some which are 
already occurring. 

The statement of this proposition also provides 
an opportunity for quoting the 


most picturesque 





Documer 


description | know of the plight of the average user 
of scientific and technical information. During a 
SATCOM report (3) in 
1969, Jordan Baruch, then president of EDUCOM, 
remarked, “I cannot drink from your firehose.” 
Simon (4) has analyzed this issue with regard to 


public discussion of the 


information in general. His discussion includes its 
application to information systems, leading to a 
principle which | have taken the liberty of para- 
phrasing as follows: 


This proposition implies an active and intelligent 
role for the mechanism, with a positive concern for 
the user's real information needs, expressed through 
selection of only a fraction of the total holdings. 
The information delivered to the user takes on 
added value through the selection process. Selection 
can occur at the level of integral works (books, 
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scientific papers, reports, etc.) as prepared by their 
Originator. Many good libraries offer such selection 
as a service feature. 

In a more advanced form it is practiced by com- 
puter-based bibliographic services which offer 
searching (often interactive) of large data bases 
covering portions of the scientific literature. Docu- 
ment selection adds value to information, but still 
requires that the user find and extract from the 
document the specific bits of information which 
really meet his needs. If he is solving a scientific 
problem, for example, or needs data to design a 
piece of apparatus, he cannot substitute the docu- 
ment in his equations. He must locate the quantita- 
tive data which match the problem. 

Another, more sophisticated kind of selection is 
available: the work of information analysis and 
evaluation, as practiced by Data Centers, or Infor- 
mation Analysis Centers. Weinberg, in the report 
already cited, describes the functions of the spe- 
cialized information center which “makes it its 


business to know everything that is being published 
in a special field . . . it collates and reviews the 
data, and provides . . . compilations, critical reviews, 
specialized bibliographies, and other such tools.” (5) 
Such centers perform systematically and expertly 


the tasks which the previous paragraph indicated as 
being left to the user. Data Centers not only select 
for relevance, but evaluate for reliability. Thus they 
add greatly to the value of the information the user 
receives. 

Not all information systems make provision for 
data evaluation, which is an expensive and time- 
consuming process only justifiable when users 
really need it. Data evaluation is most frequent in 
scientific and technical information systems, such 
as the National Bureau of Standards’ National 
Standard Reference Data System (NSRDS), and the 
nuclear data system started by the Atomic Energy 
Commission and carried on by the Energy Research 
and Development Administration and the Depart- 
ment of Energy. Data evaluation can be performed 
effectively in science and engineering because 
there are basic principles and laws which give co- 


herence to the data in these fields. 
turn page 





' Weinberg 
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The 


typical scientific 


NSRDS 


area, a comprehensive data eval- 


experience of indicates that in a 


uation program can be undertaken at an annual cost 


of about 1 or 2 


percent of the investment in on- 
going research in that subject. (Catching up on a 
5-year to 20-year backlog of unevaluated past pub- 
add few 


years.) But the value added to the information for 


lications may another 2 percent for a 
the user in solving his problems may be 10, 20, or 
even 100 times the cost of the evaluation program. 

The consideration of information evaluation and 
data centers has led us to the matter of specializa- 
tion in information systems, and to the next prop- 


osition. 


Clearly, the stock-market quote system could not 
be adapted to the needs of aeronautical design 
engineers; if it were, it would no longer be useful 
on Wall Street 
(and surely very costly) to develop an information 


It would probably be impossible 
system for all of science. A single system for chem- 
istry, another for physics, another for metallurgy, 
Na- 
indicates 


may be feasible. Practical experience in the 


Data 
that modest beginnings and thoughtfully planned 


tional Standard Reference System 
growth provide a good foundation for the develop- 
ment of a technical information system. This experi- 


ence is expressed in the next two propositions. 


(Obviously this proposition does not apply to many 


military information systems, flight control systems 
or others which are designed for specific operation 
and control situations.) 

The 


enough yet to base the design of technical informa- 


point here is that we don’t really 


know 


tion systems on assumed needs of hypothetical 
users. The priority list of problems keeps changing, 
Another 
situation is stated in the next proposition. 


and flexibility is essential 


aspect of this 


When surveyed, information users generally say 


that the ideal would be one 


information system 
which would provide the same services they now 
get, but faster, cheaper, and more completely. Users 
tend to be their demands. The 


system must educate the users about the possibility 


quite modest in 


of totally new services, at the same time that the 
user is guiding the system. 


The previous two propositions also apply to a 


most important aspect of the design of information 


systems—use of computers. 


Until the people in the system start doing their 
job, they won’t know what computer capabilities 
they need in order to serve their users, or how their 
users will respond to the services they offer. 

The 


services to be 


next growth of information 
back to the sixth 


proposition. It involves the need for proper plan- 


aspect of the 
examined 


goes 


ning and flexibility in development and growth. 


Obviously, starting small implies planned devel- 


opment and growth. If an information system 
promises to provide a range of needed services, and 
then gets into a situation where over half of the 
legitimate user inquiries are answered with “we 
cannot help you,” it will 


frustrate even its most 


enthusiastic it will 


not be able to maximize the added value inherent 


supporters. More to the point, 
in the selection and evaluation processes discussed 


earlier, because it will not be able to build user 
confidence. Therefore, accurate planning for devel- 


opment is essential. 


Having devised an accurate plan for its future, the 


system must implement the plan in a timely man- 





ner. Information services cannot be created over- 


night. For example, new data evaluation projects in 


the NSRDS require several months to a year before 
they start producing useful output. Once a data 
center has established a strong base of expertise and 
a core file of evaluated data, it can respond rapidly 
and flexibly to unforeseen new requirements as well 
as to anticipated needs. Data centers in the NSRDS 
have repeatedly shown that they can assemble spe- 
cial-purpose data packages in one-third or 

time that would be necessary when 


scratch 


Such flexibility is especially valuable in respond 
ing to urgent needs of important national problem 
areas—environmental quality, energy resources, and 
materials performance. These problem areas are 
largely technological in nature, and substantial 
entific and technological advances are needed 
are to solve them. But at the same time, the prob 
lems do not fall into the existing ca 
entific disciplines—organic chemis 
nuclear physics o on. This 
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STATUS 


BOTTLE SAFETY NOW THE SUBJECT 
OF TWO VOLUNTARY STANDARDS 


by David Chaffee 


Carbonated soft drink botiles, already 
the object of one completed Voluntary 
Product Standard (VPS will now be 
come the focus of a second, additional 
voluntary standard. The completed VPS 
recommends standards for the manufac 
turers of carbonated soft drink bottles 
while the second VPS—now in its initial 
stage—will establish guidelines for dis 
tributors of bottled carbonated soft drinks 

Both standards are aimed at reducing 
the numerous bottle-related injuries that 
occur each year. For example, an esti 
mated 32 000 such injuries took place in 
1976. Both standards are concerned solely 
with the conventional returnable and 
nonreturnable glass bottles manufactured 
from soda-lime-silica glass, but are not 
applicable to plastic-clad or encapsulated 
bottles. Both standards are based on tech 
nical information from the same groups 
of manufacturers, distributors and con- 
sumers 

The standard we have just started to 
work on will address the handling pro 
cedures vat distributors employ before 
products are sold on the market. It will 
cover work done at the plant, including 
capping and handlin says Karl Newell 
chief of the Standards Development Serv 
ices Section 

NBS‘s role is to coordinate such volun 
tary standards, offer technical advice to 
the Standard Review Committee, and 
publish the approved standard. In the 


of the VPS under development, the 


uirement 


will a 
This etiort w 
pecome 
Standards 
recently approvy 
Ambler, contain 
mal shock resistance 
strength, temper number 
ances, simulated impact re 
thickness, dimensions and 
bottle identification mark 
scribes test procedures whicl 
to determine whether soft 
contorm to the tandar 

In processing tha 
completed tandard 
utors, and consume 
ance. Ninet 
95 percent t the di 
cent of the consumer 
favor o 
,000 group or 
the standard were th 
ing Institute, the Nati 
ciation, Consumers Union 
Concerned Eneineerit 
Packaging Institute 
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NEW TECHNIQUES IN THE 
MEASUREMENT OF CATALYTIC 
ACTIVITY Ultrahigh Vacuum Static Catalytic Reactor 


Base Pressure = 2x 10 '° Torr (27 x 10 ° Pa) 


Ag Getter Purification lonization Gauge 


Capacitance Catalyst (off during experiment) 


Manometer 


Madey, 


B248 Chem 





He + CO 
100 Torr 
Heterogeneous Catalysis 1s a vast field (13 x 108 Pa) 


h contributes directly or indirectly to 


Variable 
Leak Valve 
Quadrupole 


Mass Spectrometer 
fraction of the S. GNP. Research 
over ) ast fifty years has 


l 
the most 


part been directed toward Figure 1 
an understanding of the physical and 
chemical processes which occur on the 
urface of a catalytically active metal 
ost of this work has Ee a ‘re | sa: . . 

M ‘a k has been hampered by Initial Rate of Production on Tungsten Filament 
the inability to adequately characterize 
catalyst surface 

techniques in surface 

42/1 CO 

P = 120 Torr (16 k Pa) 


ultrahigh vacuum, have 
point that accurate and 


le elemental analysis of catalyti 


’s is possible. However, 
1 


tecnnique require a 


10 Torr (13 


Molecules per Second) 


samples with 


4 


Pa) and powdered or 

amples having total surface 

100 m* per gram. The merging 

hese techniques has obvious technical 


s which have now been solved in 


Turnover Number (CH 


few laboratories 





The following example demonstrates : 


the relationship between surface compo < 600 700 





sition and catalytic activity and the value Tungsten Filament Temperature (K) 
of the surface physics approach to cata- 


lytic chemistry. This example is the recent 
tun ten 1 an xceedin ly 


Figure 2 
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thoughout 
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geometrical area in the re. 
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more 
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NBS DETECTS MAGNETIC 
AUDITORY EVOKED RESPONSES 
to 400 


‘ Atter 
introduction f 
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Figure 1—Averaged mag 
netic auditory evoked 
response from two subjects 
with all tracks being 200 
ms long and an average of 
512 samples. Tracks 1 and 2 
are consecutive averages 
from the right hemisphere 
of subject #1 Tracks 4 
and 5 are consecutive 
averages from the left 
hemisphere of subject #2 
Tracks 3 and 6 are control 
sample averages with no 
sound stimulus. The 
gradiometer in all cases 
was located slightly above 
and anterior to the T3 and 
14 electrode placement 
about point 3 in figure 2) 


experiment Sound transit time from 


subject was approxi- 


the gradiometer was po- 


itioned ove ; a area thought to 


osely to the primary 


ry cortex on the superior aspect of 
; 


he temporal lobe. This was slightly above 


and anterior the standard T3 and T4 


' t 


ional 0 electrode placements 


interna 


Recordings were made from left and right 


hemispheres in all subjects: more exten- 


ive mapping was performed in two sub- 


Definite MEG auditory averaged evoked 


responses were obtained in all subjects. 
1! 


Not all responses were the same, either 


between subjects, between hemispheres 


or from one time to another in the same 


subject. Explanation for this apparent in- 


consistency follows in the test. The map 


ping studies demonstrated the magnetic 
quite localized, 


evoked response 


and to fall off rapidly in amplitude as the 
gradiometer was moved away in any di- 
rection from the primary placement. 


In figure 1 the average magnetic 


evoked responses are recorded from the 


20 


right hemisphere of subject number 1 
and the left 


hemisphere of subject 


number 2. In both subjects, a downward 
deflection (indicating a field direction out 
of the scalp) is noted at about 55 to 60 
ms, indicating a latency of 43 to 48 ms 
taking into account the 12 ms sound 
transmission time). An upward deflection 
is noted between 110 and 130 ms (latency 

119 ms), 
tion into the scalp. The largest evoked re- 
No. 2) has a 


peak-to-peak amplitude of about 1 pico- 


indicating a field direc- 


sponses trace 


maximum 


tesla 
Figures 2 and 3 illustrate the magnetic 

evoked response obtained by moving the 

gradiometer in different directions away 


trom the primary placeme nt. In gure ) 


magnetic responses are not clearly sepa- 


rable from noise when the gradiometer is 


moved 4 cm anterior (track 1) or 4 cm 


posterior (track 5), although responses are 


detected at 


intermediate locations. In 


igure 3, a similar effect is noted, with 


the magnetic response essentially dis- 


appearing as one move 5 cm above 


1) or 6 cm below (track 4) the pri- 


In three of the four subjects, the mag- 
netic evoked response was ol hi ne 
amplitude over the nondominate hemi- 
sphere; in the fourth subject the response 
was of equal amplitude over both hemi- 
spheres 

MEG 
evoked responses are produced by audi- 
that, like 


responses evoked by visual and somato- 


These data demonstrate that 


tory stimuli, and magnetic 
sensory stimuli, they are of highest ampli- 
tude in the general region of the primary 
sensory cortex and may be undetectable 
a short distance away. In marked con- 
trast, EEG 


sponses are 


evoked re- 
distributed 


auditory 
widely 


average 
over 
almost all scalp regions. It appears that 
magnetic evoked responses in general are 
very different in their distribution from 
conventional EEG evoked responses. This 
difference is likely due, in part, to the 
fact that the strength of a magnetic field 
diminishes rapidly as the distance from 
facts likely 
account for the observation that magnetic 


the source increases. These 


averaged evoked responses are difficult to 
replicate with precision at different times 
in the same subjects. Due to their being 
highly localized, a very small change in 
the subject's position with respect to the 
gradiometer (1 cm) will likely influence 
the configuration of the response ob- 
tained. (This is also a function of the re- 
solving power of the gradiometer 

The observation that magnetic evoked 
responses are quite localized in distribu 


tion sugges t they may prove to be 


very useful research tools. To date, the 
stimuli we used were not designed to 
have meaning to the subjects. It is pos 
sible, when meaningful stimuli are used 
that more widespread areas of the cortex 
will become involved in their processing 
Accordingly, it may then be po sible 
detect magnetic 


newty ICtiVdale reas of t ; ie Ot 


respon over these 


course, the same influences likely operate 


with respect to the MEG itself, and thus 


MEG vities in general 


in theory 
should be closely | ized to the brain 


sponsible ) rodi iz the de 
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ULTRAVIOLET PHOTOMETER FOR 
OZONE CALIBRATION 


Arnold M. Bass 


B162 


Divi- 
301/921- 


Physical Chemistry 


sion Chemistry Building, 


oxidation of iodide to iodine by 
ozone, in a properly prepared solution of 
potassium iodide, is the basis for the ref- 
erence method specified by the Environ- 
mental Protection Agency for the calibra- 
monitors. Recent 


tion of atmospheric 


comparative measurements “"’ of the spe- 
cific iodometric methods have raised seri- 
ous doubts as to the accuracy and repro- 
calibration 


ducibility of the iodometric 


procedures. At the present time, the En- 


vironmental Protection Agency is con- 


sidering two candidate methods: gas 
phase titration and ultraviolet photometry 
as replacements for the 1 percent neutral- 
buffered iodide 


potassium procedure 


which is the current Federal Reference 
Method for calibration of pollutant moni 
tors. 

In order to provide a facility at NBS for 
the measurement of ozone concentrations 
independent of gas phase titration based 
we decided to 
that 


would have the sensitivity required for 


on a nitric oxide standard 


set up an ultraviolet photometer 
ozone measurements at ambient concen- 
trations. The performance desired of the 
photometer was a capability to measure 
ozone concentrations over the range 0.05 

1.0 ppm with an accuracy of at least 


0.005 ppm over the entire range 


The photometric measurement method 
is based on the application and the valid- 
ity of the Beer-Lambert Law: 

273 cPkl 

10°T 

parts per million by 


where: ly exp 


c is given in ppm 
volume 

k 308.5 cm"! 
ozone absorption coefficient ‘) at 


72 


nm, 273 K, and 1 atmosphere 


is the 


253.7 


atm base e 


L is the path length, cm 

P is the total pressure, atm. 

T is the temperature of the cell, K 
I/l, is the transmittance (Tr) of the 
sample. 

The design of the photometer is based 
principally on the accuracy requirement 
10 percent at 0.05 ppm. The quantities, k, 
ey 


known or can be measured to within 1 or 


T appearing in the equation are all 


2 percent. Thus the accuracy of the con- 


centration measurement is mainly deter- 
by the accuracy of the 


The 


measuremeni 


mined transmit- 


tance measurement error in the 


transmittance may be ex- 
pressed as 
AC ATr 1 
C Tr 
According to 


InTr 


estimates, transmittance 


could be measur with a precision 


ATr of about .0002 by using photon count- 
Tr 

ing. These conditions imply a transmit- 

tance of 0.998 which can be achieved at 

the O 


absorbing path of approximately 3 meters 


concentration of 0.05 ppm in the 


The design selected for the photometer 
We decided that a 


double-beam arrangement would provide 


is shown in Figure 1 


greater precision in the measurement 
through elimination of f of vari- 
the U\ The cells the 


photometer are made of 1-1 


bility of source 


pyrex pipe 


make vacuum-tigh vals fe 


a windows from a low pre 
sure mercury discharge lamp is passed 


through a narrow-band interference filter 
in order to isolate the 253.7-nm emission 


The 


silic da lens 


\ ' 
light is ima y a fused 


line 


transmitting 


m nner 


The be ams emerge 


lls and are recombined on the 
photo-multiplier tube by anotl 
artially reflecting filter. 
The differential UV absorption method 


ot photometry adopted for ©. concentr 


tion measurements require 


and accurate measurement of 


ing from each cell. Photon 


count 
techniques were chosen for these 


measurements, using a UV sensitive 


with excellent single photo-electron res- 


olution. If such a tube (which must be 


properly selected) is cooled to about 


20 “¢ 


per second By 


the dark count rate is a few coun 


using high 


tronics and very precise timing method 


it is possible to obtain accurate and sta 
tistically well-characterized pulse cou 
which correspond to incident bear 
on the photo-multiplie This me 


technia 


may be preferable to a g yu 
that are more subject to instability, dr 


and uncertain amounts of non-line { 


The Hg vaper lamp is ener 


10-KHz square-wave power 
high voltage 


tran 


Flux passi hrough each 


iImpte 
alternately allowed 
multiplier by mean 
A chopper 

driven by 

at a preselected rate 
lated to any harmo 
the line frequen¢ 
photo-transi 


the position 
from the 


inator 


criminator 





‘ +} 


exposed to the beam passing through the 


The photo-multiplier tube which must 

in, low dark count rate 

and, most importantly, negligible after 

pulsing ‘tects the photons as_ they 

arrive. This type of tube, with outstand 

ingly good single photon resolution, i 
for this measurement. 

The pulse output from the photomulti- 
plier is amplified 100 times by direct- 
coupled amplifiers and the pulses are de- 
tected by a high speed pulse amplitude 
discriminator. Pulse counting is per- 
formed by conventional 100-MHz pulse 
counters and a rough guide of overall 
pulse rate is provided by a rate meter 

Counting time is determined by a pre- 
set counter which counts the revolutions 
of the chopper blade past the LED photo- 
transistor pairs. At the end of a count- 
ing interval, the results are printed out 
and the sequence repeats 

House air, dried and filtered, flows 
through one cell (“reference cell’), then 
into an ozone generator from. which 
ozonized air flows through the second cell 

sample cell’). The measurement is made 
by comparing the ratio of the signals trans 
mitted by the two cell in the presence 


one. This pro 


tance (TR and 


fone concentration is determined by 


the transmit 


of the Beer-Lambert Law 
Since the mercury lamp 


" 
mul 


taneously through 
in lamp intensity 
do not at t th weasurement. Any im- 
purities present it ‘ air stream will be 
and will not inter- 
determination 
, , 


ometer 


pho 


' 
» other methods 
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GUIDELINE ON COMPUTER 
PERFORMANCE MANAGEMENT 
Guideline on Computer Performance 
Management: An Introduction, Nat. Bur. 
Stand. (U.S.), Fed. Info. Stand. 
Publ. (FIPS PUB) 49, 14 pages, $3.50. 
Computer 
(¢ PM) 


eral 


Process. 


Performance Management 
a fundamental concept for Fed- 
computer installation managers—is 
new National Bureau of 
Standards publication titled Guideline on 
Computer Performance Management: An 


Introduction 


described in a 


Recommending the establishment of a 
CPM program at all computer 


facilities, the guideline provides general 


Federal 


assistance to Federal computer installation 
managers in planning and organizing a 
CPM program any structured 


effort to measure and evaluate the per- 


defined as “ 


formance of installed computer systems in 


support of — established 


management 
goals.” The use of performance meas- 
ures in four major areas of management 
responsibility is discussed. Special atten- 
tion is given to the role of the computer 
center and require- 
ments and other resources needed to ef- 


manager, start-up 


fectuate a CPM program are outlined. 
The guideline resulted from activities 
of the Federal Information Processing 
Standards (FIPS) Task Group 10 on Com- 
puter Performance Management, with co- 


operation from other sources both in and 
out of government. 


USERS MANUAL FOR LNG 
MATERIALS AND FLUIDS 


The Bureau of Standards is 
offering for sale the first edition of a 
looseleaf LNG (liquefied natural gas) ma- 


National 


terials and fiuids users manual. The pub- 
lication is the first of its kind for up-to- 
date LNG data either generated experi- 
mentally or assessed and evaluated by 
NBS. 


To order send check or 


order 
payable to “National Bureau of Standards, 
Department of Commerce” to LNG Mate- 


money 


26 


rials and Fluids Users Manual, Cryogenic 
Division, National 

Boulder, CO 80302. 
mation 


3ureau of Standards, 
For additional infor- 
Mann at the 
same address or telephone 303/499-1000, 
ext. 3652. Cost of the first edition and 
binder is $35 


contact: Douglas 


The manual is designed graphically to 
provide completed property data and re- 
lated information for the effective gen- 
eration, transport and use of LNG. The 
research was sponsored by the American 
Gas Association, the Department of Com- 
merce’s Maritime Administration, the NBS 
Office of Standard Reference Data, and 
the American Bureau of Shipping. 

The contains 138 two- 
color (8 x 11-inch) charts. Property data 


initial edition 
included in the edition are pressure-dens- 
ity-temperature, 
port and 


thermodynamic, _ trans- 
properties of 


pure methane and nitrogen; fluid binary- 


electromagnetic 


mixtures of methane and nitrogen; and 
the elastic, thermal and mechanical prop- 
erties of aluminum alloys (3005, 5083 and 
6061), stainless steels (304, 304L, 310 and 
316), nickel 3.5, 5 and 9 
percent alloyed), and invar. Six wall charts 


steels (2.25, 


ING Meterels & Fluids Dore wirTnoces 


Density Pressore 


2S a mw os 2 ae oe 
\\\I 





eee 
3 s s 
OEnsity. a_i” 


(22 x 34-inch) of the thermodynamic en- 
thalpyentropy (H-S 
(P—H), 


for pure 


pressure-enthalpy 
(T-S) 


nitrogen are in- 


and temperature-entropy 
methane and 
cluded also 

Six wall 


thermodynamic 


charts (22 x 34-inch) of the 
enthalpy-entropy (H-—S), 
pressure-enthalpy 


entrophy (T-S 


P—H) and temperature- 
for pure methane and ni- 
trogen are included also. 

The permits the 
addition of future supplements. Planned 
supplements involve pure fluids data on 
ethane, propane and iso and normal bu- 
tane; fluid mixtures data of methane and 
ethane, propane and iso and normal bu- 
tane; and, expanded materials data on 
thermal 
structural 


expandable binder 


insulations, joining materials, 


composite materials 


and ag- 
grates, polymeric materials and miscel- 
laneous non-structural materials. 

The six wall charts are available also for 
$1 each (Pressure-Enthalpy, Temperature- 
Entropy, Enthalpy-Entropy). Please specify 
the methane or nitrogen chart(s) desired. 
Purchasers of the edition will be 
notified of the completion of additional 
supplements. 
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NEWS 





AMBLER BECOMES’ NBS DIRECTOR. Dr- Ernest Ambler was confirmed by the U.S. 
Senate on February 1 as the eighth director of the National 
Bureau of Standards. As director of NBS, he leads the 
nation’s central reference laboratory for measurements. 
Ambler holds B-S-e, M-A-, and Ph-D- degrees in physics from 
Oxford University- He joined NBS in 1953. 


PROPOSALS SOLICITED FOR RESEARCH GRANTS. NBS is soliciting proposals for the 
award of two research grants in the field of precision 
measurements and the determination of fundamental physical 
constants- The grants, worth $25 000 per year, are awarded 
annually to scientists in academic instititutions and may be 
renewed for an additional two years. Prospective candidates 
for the 1979 awards must submit summaries of their proposed 
projects and biographical information to NBS by April 15- The 
grants will run from October l, 1978 through September 1979. 


Contact: Dr- Barry N- Taylor, NBS, B258 Metrology Building, 
Washe, DeCe 20234; 301/921-2701. 


FIELD TESTING SMOKE DETECTORS. NBS has developed a portable prototype 
instrument for field testing installed smoke detectors. It 
can be used to determine their performance and sensitivity 
under different environmental conditions- The new instrument, 
a smoke aerosol-generator, was designed by the NBS Center for 
Fire Research- For more information contact the Center for 
Fire Research, NBS, Wash-, D-C. 20234; 301/921-3143. 


POSSIBLE LINK BETWEEN AIR QUALITY AND LEAD POISONING. Conventional theories 
about lead poisoning in children hold that the major source of 
the absorbed lead is paint in old and deteriorating buildings. 
A recent study by NBS suggests that air quality may be an 
equal if not more important factor- In a project sponsored by 
the Department of Housing and Urban Development, NBS 
mathematicians analyzed some 300 000 lead poisoning records 
collected in New York City between 1970 and 1976- They found 
that the varying amounts of lead in children’s blood followed 
a seasonal pattern related to the changing level of 
atmospheric lead. The Environmental Protection Agency is 


presently considering a new regulation governing the amount of 
lead in the air. 


NBS BUDGET FOR FY 1979. A total of $94 364 000 is included for NBS in the 
Budget of the United States for Fiscal Year 1979. This is 
nearly $23 million above the FY 1978 operating level and will 
represent a 32 percent increase in funding, if appropriated. 
The additional funds will be used to strengthen research on 
physical measurements, basic science, and materials and to 
develop computer standards. The total budget for NBS could 
total $155 million in FY 1979, a figure which includes’ the 
requested direct congressional appropriations, reimbursable 
work which NBS performs for other federal agencies and the 
public, and sales of Bureau goods and services. 
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